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Introduction
Multiple-input multiple-output (MIMO) radars have been studied by researchers for several years since it was proposed in [10] . Traditional radar arrays transmit scaled versions of a single signal. However, MIMO radars transmit different signals with multiple antennas [1, 4-5, 7-8, 11] . The statistical MIMO radar can improve target detection performance by exploiting the diversity of target scattering [4] . It can also enhance the estimation performance of target velocity by using coherent processing [5] . Co-located MIMO radars [1, [7] [8] 11] , which exploit the degrees-of-freedom (DOFs) of the transmitting array, can achieve virtual elements [1] and enhanced parameter identifiability [8] . Adaptive techniques have been directly applied to MIMO radar [11] .
By disposing properly the transmitting and receiving antennas, one can obtain MN non-overlapping virtual elements with M and N being the number of transmitters and receivers, respectively [8] . And most of the MIMO radar researchers have focused on the uniform regular arrays. The concept of minimum redundancy (MR) array, a kind of the non-uniform spacing arrays, has been extended to MIMO radar in [3] for suppressing the interference. Improved performance has been obtained with small number of antenna elements. It has been shown in [9] that MR array can improve the spatial resolution.
MUSIC algorithm has been employed by the authors of [9] . However, it is well known that the MUSIC algorithm requires a priori knowledge of the number of targets.
Motivated by [3] and [9] , we employ MR MIMO radar to do direction finding using Capon algorithm [2] , which requires no priori knowledge of the number of targets. To enhance the spatial resolution, an augmented covariance matrix [9] is constructed. The constructed covariance matrix is not always positive defmite. Non-positive definite covariance matrix will result in fail estimation of the spatial spectrum. To overcome this problem, an adaptive diagonal loading technique is introduced.
Signal model
Consider a MIMO radar array, which is shown in Fig. 1 , with an M elements transmitting array and an N elements receiving array. Assume that M orthogonally signals are transmitted simultaneously by the transmitting antenna elements. The signals are denoted by {Sk (t) }~l and for any time delay r , they satisfy
Then the aggregate signal incident on a far-field target, which locates at the angle B, can be written as:
where at (t) == The reflected signal is received by the receiving array. The received signal vector can be represented as: Matched filter banks are applied to each receiving antenna elements for separating the signals from different transmitting antennas [1] . Each filter in the filter banks is match to one of the transmitted signals. Thus, the filtered signal vector is [6] 
f3 is the complex reflection coefficient of the target; fd is the Doppler frequency of the target; vet) is the noise vector.
where E[·] stands for expectation operation and the superscript H represents complex conjugate transpose. Then the spatial spectrum can be estimates as follows:
es -b" (B)R-1b(B) Thus the target directions can be obtained by searching the spectrum peaks.
It is found that the aforementioned method makes use of only (MN -1) degrees-of-freedom (DOFs). So the method can resolve no more than (MN -1) targets. Pillai et al. [9] have proposed a MUSIC based algorithm which using an augmented covariance matrix of MR array to expand the DOFs. Enhanced number of resolvable target number is achieved by this algorithm. In this way, it can resolve more than (MN -1) targets. However, it requires a priori knowledge of the number of targets. If P targets with different velocity exist in the far-field and they locate at different angles, then the received signal vector after matched filters can be represented as: [6] 
Different selection of {dtk}~l and {drk}:=l will result in different virtual array [1, 8] , i.e. b( B) is determined by the location of the transmitting and receiving elements. Assume that M=3, N=5, and the spacing between elements is mounted as in [3] . The transmitting, receiving and virtual arrays are shown in Fig. 2 . Chen et al. [3] call it MR MIMO radar. Thereby, b( B) is determined by the virtual array which is shown in Fig. 2(c) .
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Once obtaining the augmented covariance matrix, we can get the enhanced spatial spectrum by
where {r( k)} :~l is auto-(cross-) covariance of the received signals of two elements that the spacing between these two elements is kA / 2 . It is noticed that the augmented covariance matrix is a Hermitian and Toeplitz one. If the Hermitian matrix R, is a positive definite one, robust result can be achieved with (9) . However, the matrix is not always positive definite actually, i.e., not all the eigenvalues of the matrix are positive. A diagonal loading technique is employed to avoid non-positive definition of the covariance matrix. We know that too big the loading level will degrade the performance of direction finding. An adaptive technique is proposed in this paper to control the loading level.
To overcome this problem, a Capon based algorithm, which also using an augmented covariance matrix of MR array to expand the DOFs and requires no priori knowledge of the number of targets, is proposed herein. Assuming the aperture of the MR MIMO virtual array is N a • Then the augmented covariance matrix can be represented as [9] : 
Direction finding
The MNxMN covariance matrix of the received signal vector can be written as:
Assume that the eigenvalues of the matrix R, arẽ~.
,12~.
••~ANa . If ANa is bigger than zero, no diagonal loading will be applied to R a • Otherwise, the loading level will be selected to £ =lANa I+ L\ , where~is a small positive number.
Simulations
without diagonal loading, and Fig. 3 (c) our method. From these Figs, we find that the conventional method cannot estimate the directions of targets rightly. The result of the augmented matrix method without diagonal loading has many pseudo-peaks. Our method can obtain rightly the spatial spectrum which is shown in Fig. 3(c) . 5 shows the spatial spectrum using the method without diagonal loading. It can be seen that too much pseudo-peaks which will lead fail estimation of target angles using this method.
In the second experiment, it is assumed that three targets are located at (}1 =20 (7), (b) augmented matrix method of (9) without diagonal loading, and (c) augmented matrix method with diagonal loading.
In this section, we demonstrate the performance of the proposed method. For comparison, the results of conventional method using (7), and the augmented covariance matrix method of (9) without diagonal loading are also given.
In the first experiment, we show that the proposed method can resolve rightly targets more than the number of virtual elements. Assuming the transmitting, receiving arrays are placed as shown in Fig. 2(a)-2(b) . Then the virtual array has the configuration of Fig. 2(c) . Here the unit of spacing between elements is A/ 2 . Twenty-five targets are located at Fig . 3 shows the estimated spatial spectrum of the three methods. Fig. 3(a) is the result of conventional method using (7), Fig. 3 (b) the augmented covariance matrix method of (9) 
Conclusions
In this paper, we have proposed a direction finding method using an augmented covariance matrix of MR MIMO radar.
An adaptively diagonal loading technique is applied to the matrix to preserve its positive definition. Simulations show that the proposed method has more DOFs than the conventional one, and more robust than the one without diagonal loading.
